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OBJECTIVES — Toassesstheassociationbetweenimpairedchronotropicresponse(CR)and
adverse events among patients with diabetes referred for exercise treadmill testing (ETT).
RESEARCH DESIGN AND METHODS — Impaired CR was deﬁned as achievement of
80% of a patient’s heart rate reserve. We used multivariable Cox proportional hazards regres-
siontoassesstheindependentassociationbetweenimpairedCRandadverseoutcomesadjusting
for demographics, comorbidities, and treadmill variables including the Duke Treadmill score.
RESULTS — Of 1,341 patients with diabetes, 35.7% (n  479) demonstrated impaired CR
during ETT. Patients with impaired CR were at increased risk of all-cause mortality, myocardial
infarction, or coronary revascularization procedures. In multivariable analyses, impaired CR
remained signiﬁcantly associated with adverse outcomes (hazard ratio 1.53 [95% CI 1.10–
2.14]).
CONCLUSIONS — Amongpatientswithdiabetes,impairedCRiscommonduringETTand
is associated with adverse outcomes. Impaired CR can be used as another noninvasive tool to
risk-stratify patients with diabetes following ETT.
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I
mpairedchronotropicresponse(CR)is
deﬁned as inability of the heart rate to
increase normally with exercise and
may be related to alterations in sympa-
thetic and parasympathetic tone, as well
as autonomic dysfunction (1). Impaired
CR during exercise treadmill testing
(ETT) is associated with increased risk of
cardiac events and all-cause mortality (2–
4). Patients with diabetes have a higher
incidence of autonomic dysfunction, and
therefore impaired CR during ETT may
identify patients with diabetes at risk for
adverse outcomes (1). However, prior
studies assessing the prognostic import
of impaired CR have not speciﬁcally fo-
cused on this subgroup or have only in-
cluded small numbers of patients with
diabetes or the association between im-
pairedCRandadverseoutcomeshasbeen
inconclusive among patients with diabe-
tes(1,3,5).Therefore,theobjectiveofthis
study was to assess the association be-
tween impaired CR and adverse events,
including all-cause mortality, myocardial
infarction, and coronary revasculariza-
tion procedures among patients with dia-




We examined a consecutive, prospective
cohortofpatients(n9,569)referredfor
ETT between July 2001 and June 2004.
Details of this cohort have been previ-
ously described (6). All patients were en-
rolled in Kaiser Permanente of Colorado
(KPCO), an integrated, nonproﬁt man-
agedcareorganizationthatprovidesmed-
ical services to over 475,000 members in
the Denver, Colorado, metropolitan area.
Of these patients, 1,341 (14.0%) had di-
abetesandcomprisetheanalyticalcohort.
Before ETT, a structured history and
medical record review were performed.
Symptom-limitedETTwasconductedac-
cording to standardized protocols, with
the Bruce protocol used in 85% of tests.
During each exercise and recovery stage,
symptoms, blood pressure, heart rate,
cardiac rhythm, and metabolic equiva-
lents were recorded. The Duke Treadmill
Score(DTS)wascalculatedusingthetotal
exercisetimeorenergyexpenditure,max-
imal ST-segment depression, and angina
severity score (7). Only 35 patients had
high-risk DTS (score  10) and were
excluded given the low likelihood that
their clinical management would change
by additional ETT information. For pa-
tients undergoing multiple treadmill tests
during this period, only the ﬁrst test was
considered in the analyses.
Predictor variable
Impaired CR was deﬁned as achievement
of 80% of a patient’s heart rate reserve,
calculated as (220  age)  resting heart
rate, at peak exercise or 62% for pa-
tients taking -blockers within 72-h of
ETT (2).
Outcome variables
The primary outcome of interest was the
combined end point of all-cause mortal-
ity, hospitalization for acute myocardial
infarction (MI), or receipt of coronary re-
vascularization procedure (coronary ar-
tery bypass graft surgery or percutaneous
intervention). All-cause mortality was de-
termined from KPCO databases and vali-
dated by comparison with State of
Coloradodeathcertiﬁcates.Dataonacute
MI hospitalizations and coronary revas-
cularization procedures within and out-
side of the KPCO system were identiﬁed
from KPCO databases. Follow-up and vi-
tal status information was available after
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through 31 October 2005.
Statistical analysis
Baseline characteristics were compared
betweendiabeticpatientswithorwithout
impairedCR.FreedomfromeventsbyCR
category was graphically represented by
Kaplan-Meier curves and compared with
the log-rank test.
Multivariable Cox proportional haz-
ards models assessed the independent as-
sociation between impaired CR and
outcomes.Variablesenteredintothemul-
tivariable models included demographic
factors (age and sex), clinical factors
(smoking status, history of coronary ar-
terydisease,cerebralvasculardisease,pe-
ripheral vascular disease, cancer, chronic
obstructive pulmonary disease, obstruc-
tive sleep apnea, diabetes, hypertension,
lipid disorders, depression, and conges-
tive heart failure), and treadmill variables
(DTS, abnormal heart rate recovery, and
ventricular ectopy in recovery). We also
stratiﬁed our cohort into low- or interme-
diate-risk DTS and repeated the analyses
assessing the association between im-
paired CR and adverse outcomes. The
Cox proportional hazards assumption
was veriﬁed for all models by calculating
and graphing Schoenfeld residuals by
survival time. The study was approved by
the Kaiser Permanente Colorado Institu-
tional Review Board.
RESULTS— Over one-third of pa-
tients with diabetes (35.7%, n  479)
demonstrated impaired CR during ETT.
Patients with impaired CR were more
likely to have comorbid conditions (e.g.,
hypertension,coronaryarterydisease,pe-
ripheral vascular disease, and congestive
heart failure) and abnormal heart rate re-
covery during ETT. In addition, patients
with impaired CR, compared with pa-
tients with normal CR, were at increased
risk of adverse outcomes including all-
cause mortality (4.2 vs. 1.9%, P  0.02),
myocardial infarction (3.3 vs. 1.7%, P 
0.06), and revascularization procedures
(23.8 vs. 11.7%, P  0.01) (Fig. 1).
In multivariable analyses, impaired
CRremainedsigniﬁcantlyassociatedwith
increased risk of adverse outcomes, in-
cluding all-cause mortality, MI, or revas-
cularization procedures (hazard ratio
1.53 [1.10–2.14]). In stratiﬁed analyses,
the association between impaired CR and
adverse outcomes demonstrated a similar
trend for patients with low- (1.36 [0.85–
2.20]) or intermediate- (1.95 [1.15–
3.31]) risk DTS.
CONCLUSIONS — In a community-
based cohort of patients with diabetes re-
ferredforETT,impairedCRwascommon
and associated with adverse outcomes
even after adjusting for DTS. These ﬁnd-
ings add to the literature by demonstrat-
ing the prognostic utility of impaired CR
during ETT among patients with diabetes
and complement the prior work on im-
paired CR and outcomes in the general
population of patients referred for ETT.
Together, these studies support the use of
impaired CR as another noninvasive tool
to risk stratify patients following ETT be-
yond the routine parameters of ST-
segment change, presence of angina, and
treadmill exercise time. Additional stud-
ies are needed to determine whether the
presence of impaired CR during ETT
among patients with diabetes should lead
to more aggressive medical therapy, addi-
tional noninvasive testing with imaging,
or invasive evaluation.
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